Over 281 earthquakes occurred in 58 countries between 1996 and 2005, causing more than 162,986 deaths, and affecting over 39 million people ([@CIT0001]). The number of injured far exceeds those dead ([@CIT0002]); and the average injury to mortality ratio in earthquakes stands at around 3:1 for the above mentioned time period (SD=12.5; own calculation based on data from [www.em-dat.be](http://www.em-dat.be)). Immediate effective medical response significantly influences injury outcome and thus the overall health impact of earthquakes. Inadequate or mismanagement of injuries may lead to infections and disabilities and contribute to creating future vulnerabilities. This is of particular relevance in developing countries, especially in Asia where most earthquakes strike densely populated areas ([@CIT0003]).

Lack of precise data from immediate aftermath is seen as a remarkable weak point in disaster epidemiology ([@CIT0003]--[@CIT0005]). This is particularly the case, since compiling injury data in the early stages of an earthquake is rather unwelcome as the main focus, and rightly so, is upon saving lives and surging capacity for adequate response.

Earthquakes have a narrow warning period. Therefore, the points of entry for mitigating their health impacts include primarily anti-seismic building, early rescue, and effective first aid ([@CIT0003], [@CIT0004], [@CIT0006]). The prohibitive costs of seismic hazard proof construction compromises the adherence to and the implementation of anti-seismic building codes in most developing countries. The information on injury patterns from previous earthquakes then becomes crucial in guiding effective preparedness and successful response programs in resource poor settings.

The last earthquake with its epicenter in India was the Gujarat earthquake of January 26, 2001. The epicenter was located in the North-East of Bhuj city and the quake affected over 8,792 villages in 171 Talukas (governmental administrative units) of the 21 districts in Gujarat ([@CIT0007], [@CIT0008]). Human impact of the earthquake involved 20,005 deaths and over 166,812 (including 20,717 'serious') injuries ([@CIT0007]). The district of Kutch accounted for more than 92% of the deaths and 82% of the total injuries reported ([@CIT0008]).

Primary failure of the health care facilities in the district due to structural damage delayed much required early response. The G.K General civil hospital, a crucial secondary health facility in the area, was completely damaged ([@CIT0007], [@CIT0008]). Almost all of the hospital facilities in Kutch were destroyed including 2 hospitals, 8 community health centers, 42 primary health care centers, 37 dispensaries, and 227 sub-centers ([@CIT0007], [@CIT0008]). Sarvodaya hospital, a trust-based hospital in Bidada village, was one of the few intact health care facilities. As a result there was heavy influx of patients from other areas of the district to the centre, even when it is located over 60 kilometers from the epicenter.

The rationale of this paper is to further the knowledge of the injury epidemiology after earthquakes by examining injury patterns, treatments, and patient outcomes based on secondary data from the Bidada Sarvodaya hospital. The study aims to highlight the challenges of injury data reporting and recording in terms of quantity and quality.

Methods {#S0001}
=======

Design {#S20002}
------

The study is a retrospective analysis of secondary data obtained from the discharge reports of patients treated at the Bidada Sarvodaya Hospital, Kutch, Gujarat, India following the earthquake of January 26, 2001.

Procedures {#S20003}
----------

The study was completed in August 2007. Approval for the site visit was obtained from the Director of the Bidada Rehabilitation Centre. Access to these data resulted from the author\'s own work in the Bidada hospital during the earthquake in 2001 within a relief and rehabilitation project.

Sample {#S20004}
------

Patients treated for earthquake-related injuries and illnesses in the hospital over the 10-week post-quake period (January 26, 2001--April 4, 2001) were included in the study. The inclusion criteria were as follows: injuries that were recorded as having resulted from the January 26, 2001 earthquake in the discharge reports for which in-patient health care was sought and that had not resulted in death.

Analyses {#S20005}
--------

The discharge reports of 1,248 patients treated at the hospital during the 10-week period were reviewed manually for sex, age, village for geographic origin, date of admission, date of discharge, diagnosis, injury types (compound/crush/multiple/softtissue), anatomical side of injury, type of fractures, presence of infection, treatment imparted, hospital procedure performed, and outcome of treatment (including transfer to tertiary care).

Although demographic data was available for a majority of the 1,248 patients, analyzable data on other identified variables was available only on 396 (31.7%) patients in the paper-based discharge reports. Since the admissions-related data of these 1,248 patients was also maintained partially in an electronic database, a careful cross-matching by serial number, name, age, sex, and geographic origin of the patients was done both in the paper-based forms and the electronic data base and data of 179 additional patients was obtained from the electronic database. Thus a total of 575 of the 1,248 (46%) patient reports (including 396 paper-based reports and 179 electronic reports) were analyzable for distribution of injury (or other condition) by frequency and were included in the study. Depending on the availability of information on a particular variable in the discharge reports, the total number of cases studied for that variable (*n*) changes and is specified in the results section.

The data obtained was entered in Microsoft Excel: Mac for descriptive analysis. All of the 1,248 discharge reports were included in the analysis of geographical origin and the demographic data of age and sex (see [Fig. 1](#F0001){ref-type="fig"}).

![Structure of the database.](GHA-4-7196-g001){#F0001}

Results {#S0006}
=======

Demographic information {#S20007}
-----------------------

Of the 1,248 case reports 100 (8.0%) had missing information for the village of origin. Over half of the patients (51%) came from the epicenter city of Bhuj, probably since the civil hospital (G.K General Hospital) in Bhuj had collapsed. There were 1,157 (91, 7.2% missing) and 1,172 (76, 6.0% missing) cases that were analyzed for age and gender distribution, respectively. The mean age of the patients treated at the hospital was 30.7 years (SD=20.87) with a range of 0 to 90 years. A total of 314 (27.1%) individuals were 18 years old or younger and 136 (11.8%) were 60 years or older. The data showed a predominance of middle-aged males (see [Fig. 2](#F0002){ref-type="fig"}). The gender distribution of the study group was quite uniform with 621 (53.0%) males and 551 (47.0%) females.

![Age and gender distribution of the sample.](GHA-4-7196-g002){#F0002}

Admissions and discharges {#S20008}
-------------------------

A total of 185 admissions (highest for a week) and 86 discharges were recorded in the first week with maximum admissions on day 2 (see [Fig. 3](#F0003){ref-type="fig"}) and uniform distribution from week 2 to 10. The number of discharged per day peaked on day 5 with the admissions returning to baseline on day 6. There was a second wave of admissions (15 admissions) that peaked on day 9 after the earthquake. The number of discharges increased in the last week (March 26 -- March 31, 2001). No new admissions were recorded during this period.

![Admissions (*n=*185) and discharges (*n*=86) in the first 8 days after the earthquake.](GHA-4-7196-g003){#F0003}

Length of stay {#S20009}
--------------

A total of 420 patients were analyzed for the duration of the hospital stay, which ranged from 0 to 64 days. Of the 35.3% of patients that were hospitalized for less than a week, a majority of them (25.3%) stayed between 2 to 4 days. The highest number of patients 45 (10.7%) stayed for a period of 3 days followed by 40 (9.5%) who stayed for 2 days.

Clinical analysis of the injuries {#S20010}
---------------------------------

### Type of injury

There were 534 cases that could be analyzed for type of injury. With 293 cases, fractures (51%) were recorded as the most predominant type of injury followed by soft tissue injuries (119, 20.7%) that mainly included cuts, bruises, contusions, and lacerations. Thirty-one cases (5.4%) of crush injury were reported. Dislocations (13, 2.3% of all analyzed cases) were less frequent. Six nerve injuries included brachial plexus ([@CIT0003]), radial nerve ([@CIT0002]), and radio-ulnar nerve ([@CIT0001]). A total of 72 (12.1%) cases had other health conditions than injuries while these were still claimed to be related to the earthquake in the discharge reports (see [Fig. 4](#F0004){ref-type="fig"}). Forty-one cases were not specified and could be amputations, contusions, concussions (12 head injuries), internal injuries/organ damage, or multiple types.

![Types of injuries.](GHA-4-7196-g004){#F0004}

### Anatomical location of injury

There were 463 cases that could be analyzed for anatomical location of the injury. A total of 136 patients were reported having multiple injuries (29.4%) with compound injuries in 76 cases (16.2%). A total of 441 reports identified the side of injury. The injuries sustained to the left (173, 39.2%) were marginally higher than the right side (154, 34.9%). The incidence of axial and bilateral injuries was 67 (15.2%) and 47 (10.7%), respectively.

Extremity injuries (266, 57.4%) predominated followed by injuries of the pelvis (24, 5.2%). Two cases of abdominal injury were of burst abdomen type. Head injury (12, 2.6%) included mainly fractures of the mandible. Chest injuries (11, 2.4%) included multiple fractures of the ribs, of which three cases required inter-costal drain tube insertion for restoring respiratory function. Spinal injuries were quite low (12, 2.6%) and two cases of paraplegia were reported.

### Types of fractures and dislocations

Of the fractures (see [Fig. 5](#F0005){ref-type="fig"}), extremity fractures were by far the most reported (87.4%). Upper extremity fractures were less frequent at 52 (20.3%) than lower extremity fractures 204 (79.7%). Nine patients (3.0%) reported fractures of both upper as well as lower extremities. Lower extremity, particularly tibia-fibular (38.6%) and femur (22.2%) fractures were the most common type of lower extremity fractures, whereas radius-ulna fractures were predominant in upper extremity fractures (9.6%).

![Anatomical location of fractures.](GHA-4-7196-g005){#F0005}

Ankle fractures (8.9%) were more common compared to wrist (1.0%) fractures. Pelvic girdle fractures (6.8%) mainly included acetabular and pubic-rami fractures. Vertebral fractures (4.1%) were of burst nature. Crush injuries were mainly of the hand and foot. Dislocations included ankle dislocations (4, 31%) followed by hip (3, 23%), radius-ulna (2, 15%), and shoulder joint (2, 15%). Wrist and elbow dislocations were reported 1 of each, (8%).

### Wound infections

A total of 78 of the 503 patients with injuries (15.5%) reported infected wounds at the time of admission. The cases were uniformly distributed over the 10-week period despite the total increase in the number of admissions in week 4, 7, and 8, respectively.

### Other health conditions

Of the 72 cases that had health conditions other than injuries; the single most common complaint was hernia (10 cases) followed by 9 (12.5%) cases of COPD, 6 (8.3%) cases of diabetic complications, 4 (5.5%) cases of tuberculosis, and 4 (5.5%) of ischemic heart disease (see [Table 1](#T0001){ref-type="table"}). These cases are excluded from the anatomical analysis but included in analysis of treatment. These are probably the 71 cases that only received medications.

###### 

Non-injury conditions treated at the hospital during 10-week period

  Condition                        Frequency   Condition                 Frequency
  -------------------------------- ----------- ------------------------- ------------
  Abdominal pain                   1 (1.3%)    Hernia                    10 (13.8%)
  Acute renal failure (diabetic)   1 (1.3%)    Infection                 2 (2.7%)
  Adenoma                          2 (2.7%)    Hydrocoele                2 (2.7%)
  Appendicitis                     3 (4.1%)    Cardio vascular disease   4 (5.5%)
  Burst abdomen                    1 (1.3%)    Lipoma                    2 (2.7%)
  Carcinoma                        1 (1.3%)    Low back pain             1 (1.3%)
  COPD                             9 (12.5%)   Muscular pain             5 (6.9%)
  CTEV                             2 (2.7%)    Neoplastic growth         1 (1.3%)
  Cyst                             1 (1.3%)    Rheumatoid arthritis      1 (1.3%)
  Diabetes                         6 (8.3%)    Syndactaly                1 (1.3%)
  Diarrhea                         2 (2.7%)    Tuberculosis              4 (5.5%)
  Fever                            3 (4.1%)    Torticollis               1 (1.3%)
  Fistula                          1 (1.3%)    Urethral stricture        2 (2.7%)
  Hemi-paresis                     2 (2.7%)    Vaginal tear              1 (1.3%)
  Total                                                                  72

### Treatment

There were 564 cases that could be analyzed for treatment. Operative (61.7%) was more common than conservative treatment. Plaster of paris (POP) cast for closed fractures was the most often used conservative procedure followed by the prescription of medications and wound dressing (see [Fig. 6](#F0006){ref-type="fig"}). Open reduction and internal fixation was the most common surgical procedure followed by wound debridement and skin grafting. This corresponds to the finding that fractures and soft tissue injuries were the two major types of injuries sustained.

![Treatments imparted to the injured (conservative vs. surgical).](GHA-4-7196-g006){#F0006}

A total of 38 amputations (6.7%) were recorded. Of these, below-ankle amputations involving the foot (36%) were most frequent followed by below-knee amputations (26%). This is in accordance with the findings regarding crush injuries that were more common in the foot and the most common fractures in distal tibia-fibular bones.

### Patient outcomes

The definitive outcomes are as shown in [Fig. 7](#F0007){ref-type="fig"}. Four deaths occurred during the study period. The cause of death in these patients was not ascertained as the case reports were sent to the coroners. A total of 102 patients were transferred to tertiary care for further management.

![Patient outcomes with regard to treatments imparted.](GHA-4-7196-g007){#F0007}

Discussion {#S0018}
==========

Although our findings were in general agreement with other studies reporting injury epidemiology after earthquakes, we report higher incidence of orthopedic injuries, particularly extremity fractures of the lower limbs (tibia-fibula, femur, radius-ulna, and humerus in this order of frequency), in our study. Although the location of person when injury occurs and the behavior has been documented as possible reasons for the nature of injury sustained ([@CIT0009]), there is lack of substantial evidence to make these correlations with currently available data. Head, spine, and chest injuries were comparatively low, which may be attributed to poor rescue and response operations in Gujarat ([@CIT0004]).

The study reports a higher proportion of young males (25--45 years) as compared to other studies from Gujarat ([@CIT0007], [@CIT0008]) which is challenging to explain. Two of the four studies from Gujarat reported more female patients than males, one study did not mention this information and one found no gender difference ([@CIT0007], [@CIT0008], [@CIT0010]). One of the reasons could be that there is a marginal predominance of middle aged males in the population of the Kutch district ([@CIT0011]). However, since the exact proportion in the affected population is unavailable, it is less pragmatic to make the association. Similar inconsistencies are reported in other studies that report gender as a vulnerability factor for injuries although it was not statistically correlated. A further investigation about the social structure and gender equation of the society and its influence in health seeking behavior alongside a thorough statistical analysis of injury data may provide useful information in resolving these anomalies.

The average duration of hospital stay in the patients was 2--4 days with a wide range of 0--64 days. Bidada is a not-for-profit charitable hospital and provided free food and lodging for the patients and their relatives after the earthquake, which may be the reason for extended stay of several patients. Duration of hospital stay after the disaster is an important variable particularly to inform humanitarian response strategies. However, limited data exists on these and further research in this direction should be initiated.

*Secondary deaths* (deaths after rescue) are relatively low following earthquakes and have been associated with the efficiency of the search and rescue performance ([@CIT0012]). If a greater number of serious injuries are rescued alive, then although primary mortality (impact deaths) is low, the secondary mortality may rise proportionately ([@CIT0013]). This was also the case with the Gujarat earthquake where rescue efforts were severely criticized. Our study reports four *secondary* deaths. The actual cause of death for these patients remained unknown due to missing and incomplete documentation. The number of secondary deaths may have been largely underestimated. Also, low mortality in this study may be related to the fact that only a small number of serious injuries were treated and that more serious cases were transferred to tertiary care.

Soft tissue injuries were reported in 119 of the cases. Fifteen percent of the fractures sustained were with open wounds. Proportionately, around 26% of the operation theatre procedures were cleaning and debridement of contaminated wounds (see [Fig. 6](#F0006){ref-type="fig"}). Moderate and serious injuries requiring admission were better reported than minor soft tissue injuries that are often treated at site or on an *outpatient* basis by simple first aid techniques to prevent unnecessary overcrowding of hospitals and to allow effective use of scarce resources. This leads to an unintentional selective exclusion of minor injuries from the reports. This is critical given that most earthquake injuries are soft tissue injuries resulting from falling objects or debris. Two reasons for a high number of minor soft tissue injuries being treated on an indoor basis at the hospital were first the individual delay in seeking health care that led to complications, and second the long commuting distances that made travel for most patients both logistically and monetarily less feasible for daily dressings. People with lost homes preferred to stay in the hospital tents where food and accommodation was provided free of cost for accompanying family members as well.

Soft tissue injuries are more prone to *primary* and *secondary* infections. Most injuries after earthquakes are either contaminated and/or infected. This has been confirmed by our study with wound infection present in over 65% of the soft tissue injuries. Although the risk of tetanus is a major concern following disasters, few studies address it ([@CIT0014]). Limited information is available about the hospital-acquired *secondary* infections despite that adequate hygiene in mass casualty situations is problematic ([@CIT0015]). In Gujarat, generally low rates of secondary post-operative infections were reported. Partly due to the high sensitivity of the rural population to antibiotics that were largely unused in these areas ([@CIT0008]). This finding was similar in this study. Over the 10 weeks, the secondary infection rates remained low probably also indicating appropriate post-operative care.

The number of non-fatal serious injuries including amputations, chest, abdominal burst, head, and spinal cord injuries were limited to around 13% in this study. Thirty-one cases of crush injuries are reported. Most of them were managed conservatively. However, cases with gangrene (death of tissue due to inadequate blood supply and superadded infections) required elective amputation (surgical removal or loss of a body part). Crush injuries of the foot were more common and, correspondingly, 14 below ankle amputation (36%) were reported.

Children are more prone to crush syndrome following crush injuries and also develop acute renal failure at a higher rate. Since they are more difficult to diagnose both clinically and diagnostically, close monitoring of children is solicited to detect early signs ([@CIT0016]). The age distribution for crush injuries was uniform in the study with no significant increase in the pediatric or geriatric age group. No cases of crush syndrome were recorded in this study.

Amputations and traumatic paraplegia (paralysis of both lower limbs usually a result of spinal fractures involving damage to the spinal cord) are the most common permanent disabilities resulting from earthquake injuries. There were two cases of spinal cord injury that later developed paraplegia. Peripheral nerve injuries (PNI) leading to distal paralysis also accounts for permanent disability. Nerve injuries reported in the study include brachial plexus injury ([@CIT0003]), radial nerve ([@CIT0002]), and radio-ulnar nerve ([@CIT0001]), respectively. Thus, at least 11% of cases with permanent bodily impairments were found in this study.

In post-disaster conditions, physical disabilities may also result from unintentional negligence, inadequate, or mismanaged injuries due to lack of infrastructure availability at a mass scale. A study conducted 2 years after the Gujarat earthquake reported 10% of the injuries (mainly spinal in multiple injury and double fractures) were missed during diagnosis and over 30.5% patients underwent re-surgeries, 23% had non-union, and 12% experienced joint range of motion (ROM) restriction. Re-assessment and review of all patients before discharge is necessary to detect missed injuries and, more importantly, standardized procedures ([@CIT0017]) and training in mass casualty management for surgeons and medical staff should be mandatory ([@CIT0018]).

Aggressive orthopedics, especially with respect to implant operations, was observed along with serious compromises in implant type after the Gujarat earthquake ([@CIT0008]). In total, 76 of the 575 cases in the study (13%) were open compound fractures. External fixation is mandated in open contaminated fractures. However, the number of external fixations were a mere 5 (1%) cases. Conversely, internal fixations were comparatively high at 94 (17%). Bidada hospital also faced lack of continuous competent human resources. Post-operative management was occasionally compromised due to the short-term commitments offered by the volunteers. The surgeons often operated and left within a week or visited in rotations. Often the coordination amongst the therapeutic plans of one surgeon and the next one was difficult ([@CIT0017], [@CIT0019], [@CIT0020]).

In parts of Gujarat, external devices that were new to local specialists were used. These were initially effective but led to complications due to delay in removal resulting in high number of re-surgeries ([@CIT0010]). The competence of local orthopedic surgeons is critical when deciding complex therapies that achieve near similar results to standard local practices. However, it may be incorrect to judge the surgical decisions in disaster situations, retrospectively. Especially in view of the availability of fixation instruments at a specific time and the need for clinical accuracy. These factors may explain the surgical cases at Bidada hospital long after the initial phase was over. It is therefore necessary that appropriate minimum standards for surgical care in emergencies are formulated and existing guidelines are implemented extensively to prevent iatrogenic disabilities ([@CIT0017], [@CIT0019], [@CIT0021]).

Physical disability is an enormous psychological and financial burden on the population in terms of resources. Activities of daily living and, more importantly, income generation are greatly affected contributing to future vulnerabilities. A study in Japan showed that individuals with physical disabilities were 5.6 times more vulnerable to earthquake impacts ([@CIT0022]). However, disabilities -- both partial and permanent -- are often neglected after earthquakes (this relates to the personal observation of the author during her work in Gujarat after the earthquake). Since orthopedic trauma constitutes the bulk of the injuries after earthquakes, non-union and mal-union of fractures should be monitored closely for the risk of mis-management ([@CIT0002], [@CIT0023], [@CIT0024]).

Additionally, data completeness was a major issue in our study similar to other studies ([@CIT0006]--[@CIT0008], [@CIT0012], [@CIT0013], [@CIT0018], [@CIT0024]--[@CIT0027]) reporting injury epidemiology. Less than half (575, 46%) reports were analyzable. There is currently no agreement on standardized methodology to assess and/or report disaster injuries. Although a large number of scattered international disaster databases exist, most only report consolidated numbers of those injured. In the wake of the increase in the frequency of earthquakes and their human impacts in the recent past, urgent coordinated standardization is a pressing need to help collect robust evidence to guide preparedness and emergency response programmers globally. The Sphere project ([@CIT0028]) is one step in this direction and data to feed information to such efforts is the need of the hour.

The authors propose developing a simple patient case reporting form for injury data reporting in the early phases of earthquakes as a first step to standardization. Information on the types, nature, and mechanism of injuries sustained should be collected on the basic form preferably printed behind triage tags. Additionally, the use of low-cost, electronic handheld devices like a PDA with Optical Character Recognition software (OCR) should be considered to speed up data entry directly from paper-based forms to electronic databases. Completeness may still be an issue but this approach will help reduce the time required to record, transfer, and process data in emergencies hence contributing meaningful information to inform response policies ([@CIT0020]).

In conclusion, our study could confirm basic data from other hospital-based discharge report studies including those from Gujarat ([@CIT0022], [@CIT0023]). However, few inconsistent findings related to the age, gender distribution, and nature of injuries mandate further investigations. It is likely that this study underestimated the number of serious injuries and permanent impairments due to incomplete documentation and transfers to tertiary institutions. Future research examining cases that are not well documented and collecting data on functional health ([@CIT0002]) is warranted to close this knowledge gap.
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